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COMPARISON  OP  THE  UNDERWATER  POWER  OP  EXPLOSIVES  IN  SMALL  CHARGES 
XII.  THE  EFFECT  OP  PARTICLE  SIZE  AND  DENSITY  ON  THE 
PERFORMANCE  OF  COMPOSITE  EXPLOSIVES 


by 

Thoms  B.  Heathcote 


ABSTRACT:  Three  composite  explosives  pressed  to  several  densities  and  boostered 
with  truncated  cones  of  pressed  pentoiite  were  used  to  study  the  effects  of 
particle  size  and  density  on  the  explosive  output  from  one  lb,  charges.  Finely 
divided  ammonium  perchlorate  (A?)  was  used  in  one  type  of  AP/TNT/A1(1*-5/20/35) 
mixture;  these  exhibited  shock  wave  and  bubi-le  performance  independent  of  charge 
density.  AP/TNT/A1  charges  utilizing  a  cctuse  AP  conponent  showed  a  tendency 
toward  decreased  shock  wave  energy  output  as  the  density  decreased.  Charges  of 
TNT/Al/Wnx(55A°/5)  gave  greater  shock  wave  output  than  was  estimated  for  large 
charges  of  the  same  composition. 
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COMPOSITE  EXPLOSIVES 


The  work  described  in  this  report  is  part  of  the  Naval  Ordnance  Laboratory’s 
continuing  program  of  investigation  of  the  underwater  performance  of  explosive 
mixtures,  conducted  under  ORD  Task  ORD-332-006/UF17-35^-304.  This  study  is  a 
continuation  of  earlier  work  to  establish  a  rapid,  reliable,  inexpensive  method 
of  assessing  the  underwater  performance  of  small  explosive  charges.  In  this 
work,  charges  of  relatively  insensitive  explosive  mixtures  were  fired  to  better 
define  the  effect  of  particle  size  and  density  on  the  output  of  such  compositions 

Mention  of  commercially  available  products  represents  neither  an  endorsement  nor 
criticism  by  the  Laboratory. 


E.  F.  SCHRBUER 
Captain,  USN 
Comnander 


:  r  '  /, 

V-  /St-< tw' 

C.'J.  ARCHSON 
By  direction 


68-184 


CONTENTS 


1.  INTRODUCTION  . 

2.  EXPERIMENTAL  DETAILS  . . 

2*1  Charges  .  .  .  .  .  .  .................... 

2.2  Equipment  and  Test  Procedure  . 

3*  RESULTS  AND  DISCUSSION  .......  .  4  » 

4.  SUMMARY  AND  CONCLUSIONS . . . 

5.  RECOMMENDATIONS  . 

ILLUSTRATIONS 

Figure  1.  The  Effect  of  Charge  Density  on  the  Underwater  Power  of 

Small  Cylinders  of  TNT/AlyVax;  55A<>/5 . 

Figure  2.  The  Effect  of  Charge  Density  on  the  Underwater  Power  of 

Small  Cylinders  of  AP/TNT/Al;  45/20/35  (5ty  AP) . 

Figure  j.  Uhe  Effect  of  Charge  Density  on  the  Underwater  Power  of 

Small  Cylinders  of  AP/TNT/Al;  45/20/35  (200u  AP) . 

TA2I2S 

Table  1.  Charge  Data  and  Results . . . 


Page 

1 


6 

7 

8 

5 


REFERENCES 

(a)  T.  B.  Heathcote,  "Comparison  of  the  Underwater  Power  of  Explosives  in 

Small  Charges:  VIII.  A  Study  of  Factors  Affecting  the  Power  of  HBX-1  (u)", 
NOLTR  62-13,  2  Jan  1962,  Confidential 

(h)  "Program  Suggestions  for  Underwater  Evaluation  of  Explosives  in  Small 
Charge  31zes  (Report  of  XC  Ad  Hoc  Committee)  (U)",  NOL  Internal  Report 
TN-6566,  20  Oct  1964,  Confidential 

(c)  D.  Price,  C.  R.  Niffenegger  and  T.  B.  Heathcote,  "Conparison  of  the 
Underwater  Power  of  Explosives  in  Small  Charges:  X.  Development  of 
Improved  Test  Procedures  (U)",  HOUR  66-73,  1  Jun  i960 

(d)  Thomas  B.  Heathcote,  C.  R.  Niffenegger,  "Comparison  of  the  Underwater 
Power  of  Explosives  in  Small  Charges:  XI.  Further  Development  of  Test 
Procedures  (U),  NOLTR  67-17,  3  Msr  1967 

(e)  C.  R.  Niffenegger,  "Comparison  of  the  Underwater  Power  of  Explosives  in 
Small  Charges  (U)",  KAVORD  Report  2922,  1  Jul  1952 


iii 


4*  TO  M  H 


73TF 


NOIITR  68-184 


1.  INTROHJCTION 

Evaluation  of  the  underwater  explosive  power  usually  starts  with  the  firing  of 
one-pound  charges.  Comparative  measurements  using  diaphragm  gages  are  made  which 
provide  a  measure  of  shock  wave  energy  relative  to  a  standard  explosive  such  as 
pentolite  or  HBX-1.  Relative  bubble  energies  are  also  obtained  from  measured  bub¬ 
ble  periods.  In  order  to  obtain  meaningful  results,  it  is  necessary  that  two  condi¬ 
tions  be  strictly  adhered  to.  First,  it  is  essential  that  the  primary  (pentolite) 
and  secondary  (HBX-1 )  standards  give  consistent  output  from  shot -to-shot  and  from 
test  series  to  test  series.  Second,  the  experimental  charges  must  be  prepared  and 
initiated  such  that  steady-state  reaction  (detonation)  occurs  in  the  entire  charge 
and  that  optimum  energy  output  is  obtained. 

The  failure  to  obtain  full  energy  output  was  suggested  by  the  inconsistent 
output  observed  over  a  number  of  yeprs  for  small  HBX-1  charges  (Ref.  (a)1 *). 
Additionally,  the  output  of  other  experimental  mixtures  in  small  charges  did  not 
agree  with  that  obtained  with  large  charges  of  the  same  mixture  (Ref.  (b)). 

Improved  experimental  methods  to  obtain  more  reliable  results  i:;  small  charge 
testing  were  recommended  as  the  result  of  a  study  made  by  an  ad  hoc  committee 
(Ref.  (b)).  Among  the  recommendations  were  that  pressed  charges  be  used  whenever 
possible  instead  of  cast  charges,  and  that  truncated  conical  boosters  be  used. 

Tests  previously  conducted  using  these  recommendations  included  HBX-1  charges 
of  densities  ranging  from  90-9856  TMEr  and  several  other  aluminized  explosives 
(Ref.  (c)).  Results  indicated  that  steady-state  reaction  had  occurred  for  HBX-1 
and  that  it  again  exhibited  its  former  power.  In  succeeding  tests  (Ref.  (d)),  the 
range  of  densities  was  extended  to  8556  HMD  to  see  if  there  might  be  an  optimum 
density  for  some  of  the  more  insensitive  explosives  tested,  since  an  increase  in 
output  was  noted  with  decreasing  density.  The  work  reported  here  was  done  as  a 
further  extension  of  the  work  reported  in  reference  (d).  Specifically,  the 
density  range  for  the  AP/TNT/A1  composition  was  extended  to  about  8056  TMD  and  for 
the  TNT/Al/Wax  conposition  to  about  JCff>  TMD.  Charges  were  also  fired  with 
different  particle  sizes  of  ammonium  perchlorate  (AP)  to  investigate  the  effect 
of  this  variable  on  energy  output .  The  TNT/Al/Wax  congiosition  was  also  of 
interest  as  previous  tests  have  indicated  a  possible  charge  size  effect3 . 

2.  EXPERIMENTAL  DETAILS 


2.1  Charges 

Two  types  of  experimental  compositions  were  used.  They  were  TNT/Al/tfax 
(55/40/5)  pressed  to  about  TO,  74,  79,  86,  90,  and  9 &f>  TMD  and  AP/TNT/Al  pressed 
to  densi^’es  of  80,  90,  and  9556  TMD.  The  charges  were  right  cylinders  and  were 
boostered  with  30  gm  or  100  gm  conical  pressed  pentolite  boosters.  Four  charges 
of  each  density  and  each  booster  weight  were  fired.  Total  charge  weight. 


1  References  are  listed  <.-  rage  iii. 

8 Theoretical  Maximum  Density. 

3 A  charge  size  effect  is  the  increase  in  output  with  increasing  charge  weight. 
It  may  be  real,  or  it  may  be  an  apparent  charge  size  effect  resulting  from  the 
incomplete  detonation  of  the  smaller  charge. 
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Including  "booster,  was  about  1  lb  (454  gm).  In  addition,  four  shots  of  each  of  four 
weights  (227,  300,  454,  and  600  gm)  of  pressed  pentolite  were  fired  as  the  con¬ 
ventional  standard  charges. 

TST/Al/tfax( 55/40/5) 

Results  from  the  most  recent  tests  (Ref.  (d))  of  this  difficult -t o-detonate 
composition  indicated  that  it  was  possible  to  obtain  relative  shock  wave  energy 
values,  W^,  that  were  analogous  to  values  estimated1  for  large  charges  of  the 
same  composition  providing  the  charges  were  pressed  to  about  85$  TMD  and  boostered 
with  truncated  cones  of  pressed  pentolite.  Results  from  the  same  tests  also  showed 
a  marked  improvement  in  RBE  for  lower  densities,  but  still  significantly  below  the 
values  estimated  for  the  larger  charges.  It  thus  appeared  there  might  be  n  charge 
size  effect  in  the  RBE.  However,  when  plotted  linearly  as  a  function  of  *MT'  the 
RBE  had  not  yet  reached  its  maximum  value  at  the  lowest  density,  Therefo  -  ,  in 
order  to  determine  whether  increased  porosity  would  increase  the  RBE,  charges  of 
this  composition  over  a  wider  range  of  densities  were  included  in  this  firing 
program. 

AP/rrfP/Al(45/^0/35) 

Underwater  explosive  data  from  earlier  tests  with  this  mixture  revealed  vhat 
was  thought  to  be  a  charge  size  effect.  In  those  tests  cylindrical  pentolite 
booster  were  used.  In  succeeding  tests,  (Ref.  (c))  charges  were  pressed  to  93$ 

TMD  and  when  boostered  with  truncated  cones  of  pressed  pentolite  it  appeared  that 
any  charge  size  effect  was  eliminated.  Additional  shots  were  fired  (Ref.  (d)) 
using  conical  boosters  and  the  range  of  densities  was  increased  tc  include  charges 
pressed  to  85,  90  and  95$  TMD.  These  charges  utilized  ammonium  perchlorate  of 
significantly  smaller  particle  size  than  that  used  in  preceding  tests  and  gave 
Wjfl’s  higher  than  any  observed  previously  for  this  composition.  Therefore,  for 
this  test  series  a  study  of  the  ammonium  perchlorate  particle  size  effect  on  the 
energy  output  was  included.  This  was  accomplished  by  including  charges  prepared 
with  N131  ( 50yji  size)  and  charges  with  the  coarser  N119  (200n  size)  AP.  All  other 
components  were  identical  to  those  previously  used  in  this  composition.  In 
addition,  the  range  of  densities  was  extended  to  include  80$  TMD. 

2.2  Equipment  and  Test  Procedure 

Four  charges  of  each  type  were  fired.  All  charges  were  initiated  with  U.  S. 
Army  Engineers  Special  Electric  detonators. 

Four  diaphragm  gages  were  used  on  each  shot  to  obtain  relative  shock  wave 
energies  (w^'s).  The  charges  were  located  centrally  in  an  8-ft  diameter  steel 
ring  with  the  charge  and  gage  orientation  being  identical  to  that  described  in 
reference  (e).  Two  l/2-in.  diameter  piezoelectric  gages  were  used  to  obtain  bubble 
periods  from  which  relative  bubble  energies  were  calculated.  The  shots  were  fired 
from  the  NOL  barge  at  a  9-ft  depth  in  from  IS  to  25  feet  of  water. 


1  To  the  knowledge  of  the  author,  no  large  charges  of  TffP/Al/Wax( 55 /4o/ 5 )  have  been 
fired.  The  estimates  referred  to  are  based  on  extrapolation  of  results  obtained 
with  other  THT/Al/Wax  mixtures. 
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3.  RESULTS  AND  DISCUSSION 

The  relative  shock  wave  and  bubble  energies  were  confuted  from  the  experimental 
data  on  the  IBM  7090.  All  values  were  obtained  relative  to  pressed  pentolite 
(95#  TMD),  as  outlined  in  reference  (e).  Values  are  shown,  on  an  equal  weight 
basis,  in  Table  1. 


WM’s  in  Table  1  and  Figure  1  for  a  charge  density  of  about  96#  TMD  are 
essentially  the  same  as  those  reported  in  references(c)  and  (d).  The  RBE's  for 
the  9 6$  TMD  charges  are  considerably  lower  as  compared  to  those  previously 
reported  in  references  (c)  and  (d)  for  this  insensitive  composition.  This 
probably  is  because  of  the  sharp  decrease  observed  between  90  and  96$  TMD,  so  that 
a  small  density  variation  has  a  large  effect-  on  the  RBE.  These  extremely  low 
shock  and  bubble  energies  and  the  curves  of  Figure  1  indicate  that  this  composition 
is  not  detonable  at  9 6$  TMD. 

Values  of  and  RBE  for  charges  pressed  to  90$  TMD  are  nearly  identical  to 
those  appearing  in  reference  (d)  for  the  same  mixture.  The  Wj^'s  for  charges  of 
80  and  85$  TMD  are  essentially  identical  near  the  maximum,  and  exceed  the 
estimated  value  (0.68)  for  large  charges  by  about  10  percent .  RBE  values  continue 
to  rise  at  85$  TMD  and  appear  to  peak  at  about  80$  TMD.  A  decline  occurs  for  both 
and  RBE  when  the  TMD  is  decreased  to  74$  and  this  decline  continues  at  70$  TMD. 

There  is  little  doubt  that  WDd  of  the  large  charges  can  be  duplicated  or 
exceeded  by  that  of  strongly  shocked  small  chsrges  of  this  conposition.  However, 
this  does  not  necessarily  mean  a  steady-state  reaction  took  place.  In  this  case, 
there  is  still  an  unresolved  problem  in  that  there  is  a  slight  b’it  definite  booster 
effect  discemable  for  the  RBE  as  well  as  the  fact  that  the  nvudmum  value  of  RBE  is 
still  much  smaller  than  that  estimated  for  larger  charges  (1.77  vs  I.98).  (No 
booster  effect  was  found  in  the  RBE  of  HBX-1  for  small  charges  (Ref.  (d)).  It 
seems  likely  that  this  conposition  is  not  detonating  in  this  small  size  even  at  the 
higher  porosities  although  a  very  vigorous  reaction  certainly  is  taking  place.  The 
problem  can  only  be  resolved  by  studying  the  detonability  of  this  composition,  or 
by  studying  further  the  charge  size  effect  on  the  output,  or  by  carrying  out  both 
studies.  It  is  also  necessary  to  know  the  charge  size  effect  on  RBE  for  a  charge 
which  is  known  to  be  detonating  properly. 


The  Wjj^'s  and  RBE’s  for  pressed  charges  prepared  with  the  fine  (50p)  ammonium 
perchlorate  (shown  iu  Table  1  and  Figure  2)  remain  constant  in  the  range  80  to  93$ 
TMD.  The  values  appear  to  average  about  5$  higher  than  those  reported  in 
reference  (a)  for  pressed  compositions  using  a  similar  ammonium  perchlorate. 
However,  no  particle  size  study  of  the  two  AP’s  was  made  and  there  could  he  a 
significant  difference  in  their  average  particle  size.  RBE’s  are  of  the  order  cf 
6$  higher  than  those  obtained  from  the  most  recent  tests  but  are  significantly 
below  the  values  obtained  for  large  cast  charges,  (Ref.  (c)),  (2.2b  vs  2.50). 

No  statistically  significant  difference  exists  between  the  eight  values  obtained  in 
this  series  for  either  Wj^  or  RBE  and  there  is  no  indication  of  a  booster  size 
effect.  It  is  still  to  be  established  whether  the  difference  in  RBE  is  a  true 
charge  3ize  effect  or  is  caused  by  a  different  energy  partition  in  the  two  tests. 
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AP/TNT/Al(45/2Q/35)  -  N119  AP 

As  shown  in  Table  1  and  Figure  3,  considerable  scatter  exists  in  values  for 
both  Wjjj  and  REE  for  the  charges  utilizing  the  coarse  (200u)  AP,  and  a  trend  of 
increasing  output  with  increasing  density  is  apparent.  This  indicates  that 
detonation  problems  occurred  for  this  conposition;  this  is  further  indicated  by 
a  definite  booster  size  effect  for  both  parameters.  It  is  quite  possible  that 
much  of  the  scatter  is  caused  by  poor  charges,  since  the  large  particle  size  makes 
it  difficult  to  obtain  a  uniformly  mixed  explosive.  It  is  thus  evident  that  the 
smaller  particle  sized  AP  is  distinctly  preferable  to  t  ?  larger  in  the  preparation 
of  charges  to  be  evaluated  in  small  sizes. 

4.  SUMMARY  AND  CONCLUSIONS 

Maximum  values  of  Wj^  and  RBE  for  TNT/Al/Wax  charges  were  attained  when  the 
charges  were  pressed  to  about  8056  TMD.  WW.  values  that  are  shown  on  Figure  1  to 
have  reached  their  optimum  output,  exceed  those  values  estimated  for  large  charges 
of  this  composition  for  all  densities  with  the  exception  of  the  highly  compressed 
96$  TMD.  The  extended  range  of  densities  used  in  these  tests  made  it  possible  to 
determine  that  the  maximum  RBE  values  for  the  overall  scale  tests  had  been  reached 
(Figure  l).  The  maximum  RBE  value  found  for  this  mixture  remained  significantly 
below  that  estimated  for  large  charges.  However,  where  comparable,  the  RBE's  for 
all  densities  agree  with  values  from  previous  small  charge  tests.  It  thus  appears 
that  the  values  estimated  for  large  charges  of  this  composition  may  not  he 
realistic. 

From  these  data,  it  appears  that  for  testing  small  charges  with  a  heavy  fuel 
content  and  low  i.i  oxidizer  (such  as  the  TNT/Al/Wax  composition),  the  mixture  must 
he  pressed  to  densities  between  75  and  85$  TMD  and  detonated  wiuh  pressed  conical 
boosters  of  pentolite  if  maximum  output  is  to  be  realized. 

As  was  the  case  for  tests  reported  in  reference  (d),  the  W-^'a  and  RBE*s  for 
the  AP/TMT/AI  composition  using  the  finely  divided  (50yi)  AP  were  independent  of 
porosity.  The  AP/rNr/Al  charges  that  utilized  the  coarse  (200u)  AP  showed 
considerable  scatter,  indicating  they  did  not  detonate  properly.  Data  from  these 
charges  also  showed  a  decrease  in  WM  with  a  decrease  in  density. 

5.  RE0Cp5*SNDATI0NS 

Continued  use  of  truncated  conical  boosters  of  pressed  pentolite  should  he 
encouraged. 

Experimental  charges  should  be  tested  at  several  densities.  If  a  porosity 
effect  or*  the  results  is  found,  it  may  arise  from  (a)  problems  of  initiation  and 
(b)  problems  of  detonability  (critical  diameter).  Such  problems  have  to  he 
resolved  as  they  are  discovered. 

Whenever  a  conposite  explosive  contains  a  component  such  as  AP  which  reacts 
slowly,  small  charges  should  be  prepared  with  that  component  in  a  small  particle 
size. 


Ten  pound  (or  larger)  charges  c  1  TOT/Al/Wax  should  he  fired  so  that  a 
realistic  comparison  of  output  with  one-lb  results  can  be  made. 

Tests  should  be  conducted  on  critical  diameter  effect  on  smell  charges  with 
emphasis  on  " difficult -to-initiate"  conpositions. 
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TABLE  1 

CHARGE  DATA  AND  RESULTS 


Booster 

Explosive  Density  TMD*  Wt.  wDd(nent)  RBE(pent) 

_ (qa/cc)  (X) _ (gas) _  v  _ 


TNT/A’./Wax  1.79 

55/40/5  1.79 

1.69 
1. 69 
'  .nO 
1.6^ 
l.f,' 

1  *'? 
1  -i‘ 

1  .  '.0 
1.31 
1.31 

N119  (200u 
AP/TNT/A1  1.98 

45/20/35  l."3 

1.87 
1.87 
1.77 
1.77 

1.66 

1.66 

N131  (50u) 
AP/TNT/A1  1.96 

45/20/35  1.96 

1.86 
1.86 
1.76 
1.76 

1.66 

1.66 


95.7 

30 

95.7 

100 

90.0 

30 

9C.0 

100 

85.7 

30 

85.7 

100 

75.3 

30 

79.3 

100 

74.4 

30 

74.4 

100 

69.7 

3C 

69.7 

100 

95.0 

30 

95.0 

100 

89.9 
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FIG.  3  THE  EFFECT  OF  CHARGE  DENSITY  ON  THE  UNDER¬ 
WATER  POWER  OF  SMALL  CYLINDERS  OF  AP/TNT/AI 
45/20/35  (200  y.  AP) 
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